When grown anaerobically in the light, Rhodospirillum rlubrum preferentially ferments sodium pyruvate and grows heterotrophically (13) . Once pyruvate in the medium is used up, cell growth in cultures stops and then resumes photosynthetically when enough additional bacteriochlorophyll (Bchl) is formed. The resulting diauxic growth response is both pyruvate dependent and reversible. In addition to sodium pyruvate, cyclic AMP (cAMP) might also be involved in regulating diauxic photosynthetic development. This idea was based on the report (9) that the mode of growth in R. rubrum influences the levels of adenylate cyclase and 3',5'-cyclic nucleotide phosphodiesterase, the two enzymes involved in cAMP metabolism. Furthermore, increased levels of the cyclic nucleotide in cells of some photosynthetic organisms appear to affect Bchl (and chlorophyll) formation, as well as to inhibit certain photochemical reactions (4, 11, 17) . As a result, experiments were undertaken to test the role of cAMP on R. rubrum development. In the present stud,y, R. rubrum mutant C was used because the metabolic activities of these cells during the pyruvate-dependent diauxic growth response have been described previously (13) . Diauxie also occurs in other strains of R. rubrum.
The typical diauxic growth response of R. rubrum mutant C is shown in Fig. 1 . In the chemically defined pyruvate medium (6, 13) (Fig. 1) . Exogenously added cAMP has been recently reported (7) to similarily decrease the phototrophic growth rate of Rhodopseuidomonas capsulata.
The perturbation of pyruvate-dependent diauxie in R. rubrum seemed to be specific for cAMP. In separate experiments, the addition of 10 mM cyclic GMP extended neither the typical lag period between fermentative and photosynthetic metabolism nor the generation time of phase II photosynthetic growth (data not shown). Similarly, the addition of 10 mM AMP, ADP, or ATP to separate cultures had no effect on C cell diauxie. This fact suggested that the cyclic adenine nucleotide effect was a specific event and, in particular, that R. rubrum diauxie was not modulated by AMP, the degradation product of cAMP (10) . In separate experiments, 10 mM N6,02'-dibutyryl cAMP also failed to mimic the effect of cAMP on cell diauxie. The butylated compound has been reported (12) to be ineffective as well in regulation of cAMP-dependent f-galactosidase synthesis in Escherichia coli.
If cAMP is involved in the regulation of pyruvate-dependent R. rubrum diauxic cell development, anticipated changes in the level of the cyclic nucleotide should occur. To examine this, we measured both the extracellular and intracellular concentrations of cAMP in cultures during biphasic cell development under light conditions in pyruvate medium (Fig. 2) . During pyruvate fermentative phase I growth, the extracellular concentration of cAMP averaged about 1.5 pmol/ml of culture fluid and only decreased slowly to 1.0 pmol/ml of culture fluid as the pyruvate concentration decreased (13) and phase I fermentative growth came to an end ( Fig. 2A) . Almost immediately thereafter, early in the lag period, the concentration of cAMP plunged to a very low basal level of about 0.2 pmol/ml of culture fluid, at which it stayed throughout the secondary photosynthetic growth period. Use of separate samples of phase I culture fluid and treatment with 3',5'-cyclic nucleotide phosphodiesterase (EC 3.1.4.17) ( Fig. 2A) confirmed that the radioimmunoassay reaction was mainly measuring cAMP (2) .
As anticipated from data on extracellular cAMP levels, the intracellular cAMP concentration changed in a similar way. The intracellular cAMP concentration ranged up to about 0.5 pmol/mg of protein during phase I fermentative cell development (Fig. 2B) Conversely, elevated levels of the cyclic nucleotide favored pyruvate fermentation, presumably by repressing photosynthetic cell development. Such an idea seemed also to explain, in part, the effect of caffeine (a methylxanthine compound) on R. rubrium diauxie. In the presence of caffeine, a compound that might support an elevated in situ cAMP concentration by inhibition of 3',5'-cyclic nucleotide phosphodiesterase activity (8) , it should be possible to influence cell diauxie. This was the case. In pyruvate medium prepared with 5 mM caffeine, the typical diauxic lag period was extended by more than 11%, from 17.5 to 19.5 h, and the ensuing phase II photosynthetic growth response was slowed down as the cell generation time increased to 31.5 h compared with 20.5 h in the control culture without caffeine addition (data not shown). Although the influence of caffeine on phase II growth (phase I fermentative growth was not affected) was more dramatic than the result of exogenous addition of cAMP to cultures (Fig. 1) , the prolongation of the lag period by enzyme inhibition was not. This could, however, be due in part to incomplete inhibition of 3',5'-cyclic nucleotide phosphodiesterase activity and a concurrent decrease in adenylate cyclase accompanying consumption of pyruvate in the medium. It was also noted that neither theophylline nor theobromine influenced R. rubrium diauxie. However, this result was not totally unexpected, since 3',5'-cyclic nucleotide phosphodiesterase activity in some other organisms is also not affected by either one of these methylxanthine compounds (1, 3) . Cells were collected from 50 ml of culture fluid by filtration as described above. The Millipore filter with cells was placed into 10 ml of 0.1 M HCI and treated for 10 min at 100°C. After acid extraction, cell debris was removed by centrifugation (5,000 x g, 10 min, 4°C), and the supernatant solution was lyophilized. The cAMP content in the dried residue was measured as described above. Symbols: *, culture turbidity (one optical density unit at 680 nm [OD(xo] 
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The effect of cAMP on pyruvate-dependent diauxie in R. r-iibriim is complex. In R. rubruin, as well as in other related phototrophic bacteria, exposure to exogenous cAMP caused a decrease in the rate of photosynthetic growth. However, in contrast to results with Rhodopseidoinonas capsulata (7), the cyclic nucleotide seemed additionally to influence formation of Bchl in R. ruibrim. This second, and perhaps more important, effect of cAMP occurred during the lag period in diauxie at which mutant C normally began to form additional Bchl before the resumption of cell growth photosynthetically. In cultures with added cAMP, both the onset of Bchl formation was delayed and the rate of pigment synthesis was slowed to about 20 pmol/mg of protein per h, or less than one half the rate in the control culture. (A sustained low rate of pigment synthesis could also explain the effect of cAMP on slowing cell growth.) On the basis of this observation, and the presence of low basal amounts of photochemically active Bchl in cells grown without 02 (16) , we suggest that cAMP, together with pyruvate fermentative metabolism, can directly regulate the formation of ICM1, that fraction of photosynthetic intracellular membrane material in cells under apparent synthetic control by light intensity (13) . Furthermore, it is believed that cAMP may as well influence related components in the photosynthetic apparatus of Rhodopseuidomonas gelatinosa, which exhibits CO-dependent diauxie (15) , and Rhodopseudomonas c(apsulata (unpublished data). Clearly, a role for cAMP must remain circumstantial, until the cyclic nucleotide can be shown to control synthesis or regulation (or both) of the photosynthetic apparatus on the molecular level. Present results, however, suggest that new insight into photosynthetic development and cellular differentiation will be forthcoming from these studies. 
